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This is a conlinuatic^n-in-part of U.S. Patent Application Serial \o. 
0^) 45*^). 507. filed on December 13. 1990. the entire conlenls olAshich heinLi expressK 



The in\enti(Mi was made with (io\ernment support tinder (irant Number 1 
R43 C\\76752-()l awarded b\ the National Institutes ol^ Health. Natituui! C ancer 
Institute. The (Ituernment has certain rmhts in the in\ention. 



1 ; i e klA"* 1 t <-lI n ^ .^l^ib.\n : 

The present nnention relates to a method and apparatus lor makmu ^ocu^ed 
and unfocused grids and collimators which are mi)\able to a\oid gri^l shadows on an 
imager, and w hich are adaptable for use in a w ide range of electromagnetic l at^lialion 
applicalioivs. sucli as \-ra\ and gamma-i"a\ nnagmg dc\ ices and ihe nkc. Moic 
pari icu laii \ . prc^eiil inxciUion i^-Ialc-- a mclh^^l anJ .ippai'a;.;- I'-: a^.i^.a. 

IocusclI aiRl untocusc^l gruU, such as air coi'c gi"ids. thai luu be con.slruclcd with a 
\ei'\ high aspect ratio, which is detlned as the ratu^ between the heighi eacli 
absorbiivj i'rul wall and tho t li iak n(;Ns i^f'iha .i'^^' m'!^! arid wai! J, ! hal aa a -.apabia 
ol" permitting hirL-e primar\ !"adiation U'ansni i ss)on thcralin-oaah 



un^ui ptM aieu neiein u\ reieience. 



liAC'KCiROl Nl) OI nil: iN\ i N HON 




I )cs criptic >n t > 1 " i lie l\cla t c d An : 

Anli-scatlcr grids and collinialors can be used lo clinunalc ihc scatlciiiiL: 
radiation lo unintended and undesirable directions. KaLiiaiion with waxelengihs 
sliorter than or equal lo soft \-ra\s can penetrate materials. Ihc radiation deca\ 
length in the material decreases as the atomic number of the grid material increases or 
as the \\a\elength of the radiation increases. I hese grid walls, also called the ^epia 
and lamellae, can be used to reduce scattered radiation in ullra\iolet. \-ra\ and 
gamma ra\ sxstems. for example. I hc grids can also be used as collimalor>. \-ra\ 
masks, and so on. 

bor scatter reduction applications, the grid walls prefeiabK sliould be two- 
dimensional lo eliminate scatter from all dn-ections. l or man\ appl iCLilions. ihe \-ia\ 
source is a point source close lo the imager. .An anii-scatier L^rid preferabK >houki 
alsc' be hKu>L.d. McLn(.)ds k>r iabricaiing and assembling focused and unlocused two- 
dimensicMial grids are described in I'.S. Patent Number S>M<^).S5(). entitled ".A 
Method and Apparatus (or Making Large Area I wo-dimensicMial Clrids". the entire 
content of which is incorporated herein by reference. 

When an anti-scatter grid is stationar> during the acquisition of the image, the 
shadow of the anti-scatter grid w ill be cast on the imager, such as lllm or electronic 
digital detector, along w ith the image of the object. It is undesirable lo ha\ e ihe grul 
shadow show artificial pallerns. 

i he iNpical solution to elimmaiing ihe non-uniform .shadow of ihe grid i> lo 
mo\e the grid during the exposure. fhe ideal anti-scatter grid with nu>iion will 
prcKluce uniform exposure on the imager in the absence of an\ objccls being imaged. 

( )ne-dimens!(ina! griJ.s. also known as Imeai' grid> and coni[^osed ol higiii\ 
absorbing sUips and highl\ transiniUing inlei-spaces whic-h are pai-allel in iheii 
KMigiludinal direction, can be mo\ed in a siead\ manner in one direction oi- in an 
oscillatoiA manner in the plane of the grid in the direction perj^endicular lo ihe 
parallel strips of highl\ abstM'bing lamellae. \ ov two-dimensional grids, ihe motion 
can either be m one direclion t>r oseillalor_\ mi the plane of the L^rid. hut the ^ji iJ >hape 




I he U>lK>\\ing discussion pertains to a two-dmicnsional Lind with icgiilai 
M]iiarv patterns in liic \-\ plane, with the grid wahs lined up m the x-direelum aiul \- 
direetion. It the grid is nuning at a iniilorni speed m the \-^lireetion, the lllni \\\\\ 
show Linexposed stripes along the x-direetion. which also repeat peiiodiean\ in ihe \- 
direction. The w idth of the unexposed strips is the same ov essentialK the same as the 
thickness of the grid walls. This grid pattern and the assticialed motion are 
unacceptable, 

ITthe grid is mo\ nig at a uniform speed in the plane of the grid, but at a 45 
degree angle Irom the \-axis. the image on the tllm or imager is significantl\ 
impnned. Ilowexer. strips of slighth o\erexposed lllm parallel to the direction of 
the motion at the intersection of the grid walls w ill still be present. As the grid mo\ es 
in the x-direction at a uniform speed, the grid walls block the x-ra\s e\er\wiKae. 
except at tbic wiAl iritci>>cciioiK u)i uie ii action oi the time 

2c/ I) . 

where cl is the thickness of the grid walls and D \s the periodicit\ of the grid walls. 
At the wall intersectitMi. the grid walls blocks the x-ra\ s Wm' the fraction of the time 

2cl i /)</ <il 

depending on the location. 1 hus. strij^es ot^ slightb oxerexposed x-ra\ tllm are 
produced. 

Methods !or atlemf^tiiig lo chmmale the oxeiexpoNcd ^irip-. Jin^u^ncJ al^^^x^' 
are disclosed m T.S. Patent Nos. ^ .(^Oh.^S') . >.'^:^^,^S.^ and .^.S]4.:V- n> I'cllegiin.' 
ah. the entire contents of each patent being incoiporated herein b\ leterence fhe--c 
methods attempt to ehminale the o\erexposed strips b\ rotating the grid b\ an angle 
.1. where . / ^ atan(/? /;;). and and // are integers. ll(n\e\er. these methods are 
unacceptable or no{ ieleal for man> applications. 




.AccordinglN . a need exists for a nicthtxl and apparatus lor clin^inatini: die 
tncivxpciscd strips associated with two-dimensional focused or unfoctised Lirid 
interseeticMis. 



siMMAR^ ' oi 11 n: invi-:n HO N 

An object of the present inxention is to pro\ ide a grid where the walls tt>eus 
to a point, a grid where the walls focus lo a hne or an unfocu,^ed gi'id \Mih parallel 
walls that is configured to niinimi/e grid shadow when the gi'id is nio\ed duimu 
imaging. 

Another c^bjeet of the present in\ ention. therefore, is to pro\ ide a methiod and 
apparatus ibr manufacturing a focused or unfocused grid which is configured to 
minimi/e overexposure at its wall intersections when the grid is moxed durine 
liTiaging. 

A further object of the present in\ ention is to prox ide a method and apparatus 
for moving a focused or unfocused grid so that no perceptible areas ot^ \ariable 
densitx are cast b\ the grid onto the film t)r other two-dimensional electronic 
detectors. 

I hese and other objects of the present invention are substantialb achie\ ed b\ 
prov iding a grid, adaptable for use with electromagnetic energv emitting dev ices. 1 he 
grid comprises at least one solid metal laver. formed bv electroplating, fhe solid meial 
laver comprises top and bottom surfaces, and a pluralitv of solid integrated, intersecting 
w alls, each of w hich extending from the top to bottom surface and hav ing a pluralitv of 
side surfaces. The side suriaees of the walls are arranged to define a pluralitv of 
openings extending entireh through the laver. and at leaNt some v>[" the Mde ^urlaec. 
hav e projectu^ns extending into respectiv e ones of the openings. 1 he projections can he 
ol various shapes and si/es. aiul ai'c ari-angcd so that a total amount of Wall material 
intersected bv a line propagating in a direction, lor example, along an edge ol the eriLf 
lor each jieriod along the gi'id is substantial Iv the same and is also NubslanlialK ilie ^amc 
as another total amount of wall matei-ial inlersecled h\ another line for each peiiod 




pi\)pagaliiiLi in dnolhcr direction SLib,slantiall\ ixirallcl lo ihc cJlic ol ihc L:iid al an\ 
distance troni the edge. 

I hcsc and other objecls are further SLibslantiall\ achie\ed b\ proxidiiiL: a 
method lor niininii/ing scattering of eleclromagnetic energ> in an electrv)niagneiic 
imaging de\ ice which is adapted to obtain an image an object on an imager. 1 he 
metliod includes placing a grid between an electromagnetic energ\ emiliing source ol" 
the electromagnetic imaging de\ ice and the imager. The grid comprises at least one 
metal la\er including top and bottom surfaces and a plural it\ of solid integrated, 
intersecting w alls, each of w hich extending iVom the top to bottom surface and ha\ ing 
a pluralitx <_>f side surfaces, the side surfaces of the walls being arranged to define a 
pluralit) of oiK'mngs extending entu"el\ through the la\er. aiKl ai iea^i some ol ihc 
side surface ha\ ing projections extending into respecti\ e ones of the openlng^. 1 he 
;riCtbiv;d furtbicr iiKlndL^ iiio\iiig ihc grid in a grid mo\ ing pattern while the 
electromaguetic energ\ emitting source is emitting energ> toward the imager. 



BRii{i- i:)i-:sc RIP 1 ION Ol 11 II : draw i\gs 

d hese and other features and ad\ antages of the present inx ention w ill be more 
readil) apprehended from the following detailed description when read in connection 
w ith the appended draw ings, in w hich: 

lag. 1 shows a section of a tbcused stationary grid according to an 
embodiment of the present in\ention. in which the grid openings are locu>ed lo a 
point x-ra\ scnirce: 

big. 2a is a schematic oi~ the gi"id shown m 1 ig. 1 !T'laR\l an angk' ol 4:"^ 
(.legrees with respect to the x and > axes, and bemg i^tisitioneii so that the central ra\ 
emanates from pomt x-ra\ ^ource onto the cdiic of the grid: 

f ig. 2b is a schematic of the grid shown in lag. 1 rotated at an angle of 45 
(.legrees with respect to the x and \ axes, and being positioned so thai ihe central ia\ 
emanates Irom point x-ra\ source onto ihe center of the grid: 



I-ie. 3 is an example of a lop mow of a grid la\oui as sliown iii I il:, 1. 
nioditlcd and positioned so that one set of grid walls are perpendieular lo a direeiion 
of motion along the \-a\is and the other set of grid walls is at an angle 0 with respeet 
to the direetion of motion, thus lorming a parallelogram grid pattern appiieable lor 
linear grid motion: 

idg. 4 is an example of a ti>p Mew of a grid la\oLil as shown m 1 ig. L 
nK)diried and positioned so that one set of grid walls is perpendieular to the direetion 
of motion along the x-axis and the t)ther set of grid walls makes an angle 0 wnh 
respect to the direetion of motion, thus Ibrming another parallelogram grid pattern 
appheable for linear grid motioii: 

I'ig. 5 is an example of a top \iew of a grid la\out as shown in fig. I. 
modified so that the angle of the grid walls are neither parallel nor perpendieular lo 
liie direetion oi grid motion along the x-axis. thus lormmg a further parallelogram 
grid pattern applicable lor linear grid motion: 

i-ig. 6 is a \arialion ol^ the grid pattern shown in i ig. in which ilie grid 
openings are rectangular: 

iMg. 7 is a \'ariation oi^ the grid pattern shown in I'ig. 5 in which the grid 
openings are squares: 

big. 8 is a \'ariation of the grid pattern shown in big. 5 ha\ ing modified 
corners at the wall intersections according to an embodimenl of the present in\ ention 
for eliminating artificial images or shadows on the imager along the direction of linear 
motion of the grid: 

big. 9 is the lop \ iew of onl> the additional grid areas lhal were added lo a 
sijuare grKl sbiowpi m fig. 7 U) ioi'm tbie gi'ul puiilerrt ^liown in I ili. S: 

big. 10 is the lop \ lew of a grid w ilh modi 1 led coi-iierN al I lie w al ! i nier-CL i loi i ^ 
according lo another embodimenl of ihe preseni nneniion tor elimmaliiiL' arlilicia! 
images or shadow s on the imagei- along the direction of linear motion of the end: 

big. 11 is a top \iew of only the additional grid areas lhal were added to a 
square grid shown in big. 7 lo form ihe grid p:mern sln>wn in f ig. lO: 




l ig. 12 is a detailed \ icw of a wall inicrscctioii oT the Lii id illu>iraUnL: a 
general arrangement ot'an additional grid area that is added to the wall interseetion of 
the grid: 

l ig. 13 is a detailed \ iew of a wall interseetion of the grid illusiraung a 
general arrangement ofan additional grid area that is added to the wall niterseetion ol 
the grid: 

h ig. 14 is a detailed \ iew of a w all interseetion of another grid aeeording to an 
embodiment of the present imention. ilUistraling a general arrangement of an 
additional grid area that is added proximate to the wall interseetion and not eonneeted 
to an\ of the grid w alls: 

hig. 15 is a detailed \ iew ofa wall interseetion of another grid aeeording to an 
embodiment of the present inxenlion. illustrating a general arrangement of an 
additional grid area ihiat is added to tlic wall mtci sceuiJii oi the grid, sueii ihai iwci 
reetangular or substantialK' reetangular pieees are plaeed at opposing ( non-adjaeent ) 
left and right eorners of the w all interseetion: 

iMg. 16 is a detailed \'iew ol\i wall interseetion of another grid aeeording to an 
embodiment of the present iin ention. illustrating a general arrangement ot^ an 
additional grid area that is added to the wall interseetion of the grid. Mieh lliai two 
trapezoidal pieees are plaeed at opposing (non-adjaeent) left and right eorners of the 
wall interseetion: 

I'ig. 1 7 shows a top \ iew c>t\i portion of i\ grid aeeording to an embodiment of 
the present inxention. ha\ ing more than one t>pe of nuidi lied eorner as shown m l igs. 
12-16: 

I'ig. IK shows one la>er (>f grid to be a.ssembled from two seeticMis and tlieii- 
joints, using the pattern as shown in 1 ig. 7: 

lag. 1^) >hows the loeation of the imagmarx eentral ra\ and lefei-enee lines foi 
photoresists exposures using the gi id shape of I ig. 4: 

f igs. 2()a and 2()b illustrate exemplar) patterns of x-ra\ masks used to form 
liie grid pallei-n sh(W\n m 1 ig. 1*^) aee(M"ding to an embodiment of the preNcni 




i igs. 21a and 21b show an exposure niclhod aL-cordiiiL! lo an ciiibv>^liniLMU ol 
the present iinention whieh uses sheet \-ra\ beams, sueh that lag. 2 1a shows the 
eross-seetion in the plane ot the sheet \-ra\ beam and 1 ig. 21 b sluw\s the eross- 
seetion perpendieular to the sheet \-ra\ beam, and the \-ra_\ mask and the substrate 
are tiUed with respeet to the sheet \-ra\ beam to form the foeusinu effeet ot the i^rui: 

hig. 21e shows anc^her exposure method aeeording to an embodiment of the 
present in\ ention whieh uses sheet x-ra\ beams to form the Ibe using elVeet of the 
grid: 

I'ig. 22 slunss an exposure metho(.l aeeoidnig to an embodmienl of the piesenl 
in\ entiop. whieh is used in plaee of the method showPi in 1 ig. 21b for exposnig grids 
or ptMlions of grids w here the w alls, joints or holes are not toeused: 

lag. 23 shows an example the top and bottom patterns of the ex[^osed 
[HiuUMesisLs exposed aeeording lo the meiiiods siiow n in i igs. 2 i a and 2 I h: 

big. 24 shows an example of the top and bcntom patterns of an ineoireetlx 
exposed photoresists whieh was exposed using onl\ two masks and a sheet x-ra> 
beam: 

bigs. 25a and 25b show an example of \-ra\ masks used to expt>se the eenlral 
portion of righl-hand-side c^f a foeused grid shown in f ig. 18 using a sheet x-ra\ beam 
aeeording to an embodimeiU of the present in\ ention: 

I'ig. 25e shows an example of an x-ra\ mask used to expose the grid edge 
joints of the right-hand-side t^f a foeuse*.! grid for a point souree shown in I ig. 1 (S 
using a sheet x-ra\ beam aeeording to an embodiment of the present iiueiUion: 

Idg. 26 shcwNs a portion of the grid ineluding the left joining edge and a w ide 

border: 

f ig. 2"^ shows an example of an \-i-a\ mask used to expose the iiv\d edge loinl 
and the border of f ig. 2b. whieh is in adeiiiu)n lo die masks airea^b shown m 1 [( iS 
25a and 25h- aeeording to an embodiment of the present nn ention: 

bigs. 28a and 28b show an example of an x-ra\ masks used to expose the 
phoUM"esist jtir the foeuse^l gruls fo]- a point soui'ee show 11 m f igs. ^. S, 1 n or 1 UNiug 




l- ig. 2Sc shows an example of an \-ra\ mask requnvd to expose the additional 
grid slrueture ibr linear motii^n aeeording to an embodiment of the present m\ention. 

lag. 2^) is a side \ ie\\ ot an example of a grid ineludmg a frame aeeording to 
an embodiment ot^ihe present in\ention: 

lag. M) illustrates a top \ lew of the (rame shown m lag. 2^. les.s the avid 
la\ers: and 

lag. 31 illustrates pieees of a grid la>er that ean be assembled in tlie frame 
shown in f igs. 29 and 30. 

niri AiLi-:!) i)b:sc Ripri()N oi riib: PRf:i f:RRh:i) i:mb()dimi:m s 

1 he present inx ention pro\ ides a method and apparatus lor making large area, 
tw v)-diiriensu>iuil. luL^fi u>i;cLt latio. I'oeused or unioeused x-ra\ ant i -scatter ends, anli- 
scattcr grid, scintillators, x-ray tllters. and the like, as well as snnilar methods and 
apparatus for ultra\'iolet and gamma-ra\ applications. Referring now to the 
draw ings, lag. 1 shows a schematic of a section of a two-dimensional, focused anti- 
scatter grid 30 produced b\ a method ot^ grid manufacttire accordmg to an 
embodiment of the present in\ ention. as described in more detail in U.S. Patent No. 
5.949.850 referenced above. 

The objecl to be imaged (not shown) is positioned between the x-ra\ source 
and the x-ra\ grid 30. The grid openings 31 which are defmed b\ walls 32 are square 
in this example. Ilowe\er. the grid openings can be an> practical shape as would be 
appreciated b\ one skilled in the methods of grid construction. I he walls 32 are 

. ' 1 1 I ci i 1 > 1.11 i I 1 V ti I M J N Liju^K ..iivfuiji^i LilLil Wj'Lllini.: IN II li^ IlLILlie. 

btit can \ ar\ in thickness as desired, i he walK are Nlanled at the ^aiive aii-lc .in 
angle ol the x-ra\s emanating from the point source, in oi'dei- loi' die \-ra\s t^^ 
propagate through the ht)les to the imager without sigmlicant loss. 1 his ^mglc 
increases for grid walls ftirther awa\ from the x-ra> point source. In other words, an 
imagmarx line extending from each grid wall ."^2 along the x-axis 40 could intersect 




ihc \-ra> point source. .A similar scenario exists lor the griJ walls along the \-a\is 
50. 

As shown, the \-ra> propagates out of a point source 61 with a conical spread 
60. 1 he x-ra\ imager 62. which ma\ be an electronic detector or \-ia\ tlim. loi 
example, is placed adjacent and parallel or substantiall\ parallel to the bottom siirtacc 
of the x-ra> grid M) with the \-ra\ grKl between the x-ra\ source 61 and tlic x-ra\ 
imager. IxpicallN. the top surtace of the x-ra\ grid .^>0 is perpendicular or 
substantiall\ ]XM-pendicular to the line 6."> that extends between [he \-ra^ ^onr^e a;iJ 
the x-ra\ grid 30. 

\ o facilitate the descriptioi^ below , a eoordin:ite s\ stem in whicli the griJ. '^O is 
omitted will now he defined. The /-axis is hue (y>. which is perpend leuiar or 
substantiall) perpendicular to the anti-scattc]' grid, and inlersecis the [HMiit x-ia\ 
suuiee 61. rhe _ =0 coordinaLC is deilned as the top surface of tiie anti-scaLter grid. 
As lurther slKn\n. the central ra\' 63 propagates to the center of the grid 30. w hich is 
marked b\ a x irtual sign 64. 

figs. 2a and 2b show schematics of two air-ct)re x-ra\ anti-scalter i:i ids. sue!) 
as grid 30 shown in big. L which are stacked on top of each other m a manner 
described in move detail below to form a grid assembK. These hners of the grid walls 
can aehie\e high aspect ratio such that the> are siructuralh rigid. I he stacked gi ids 
30 can be moxed steadil> along a straight line (e.g.. the x-axis 40) during imaidme. As 
show n in these figures, the grids 30 ha\ e been oricnte^l so that their walls exteiRi at an 
angle of 45"^ oi about 45° with respect to the x-axis 50. I hc top surface of liie lop 
grid 30 is in the x-> plane. 

1 !k- ^eniral ra\ 6.^ Irofm tbic x-rei\ source (m is pel [k*! i^Iicl' f ir v>r -ur^^tantiai i\ 
perpendicular to the lop surface of^the top grid ^>0. 1 or maninioLM\ij4iK- ap[M le ii lo-v- , 
the central ra\ 6> prt^pagates to the top grid "M* lu'xt lo the chest wall at tlie edee i^v 
close to the edge of the grid on the x-axis 40. which is marked as location 6:^ in 1 lu. 
2a. for general radiolog). the central ra> 6" is usualh at the cenic!- of liic t<i[^ Lirid ^''). 
which IS marked as location f>4 m I ig, 2fv In ihi^ example, llic iiMe .^l mu'!!^]; ' e-i 




one scl i)f llic walls "^2 (I.e.. the septa) is at 4:>" with respect to the hue ot luoiion '^iK 
and the shape of the gi id openings 31 is nearK square. 1 he grul assenilM\ ean nio\e 
in just one du'eetion or it can nio\e in holh directions in the \-n plane. DuriiiLi 
motion, the speed at which the grid mo\cs sliould he constant or suhstantiail\ 
constant. 

\\\o categories of grid patterns can be used with linear grid motion to 
eliminate non-uniibrm shadow of the grid. The description below pertains to portions 
of the grid not at the edges of the grid, so the border is not shown. 1 or illustration 
purposes onl\ . the dimensions o( the draw ings are not to scale, nor ha\ e the\ been 
optimized tor specillc applications. 

1. Cirid Design Art 1 \pc I for Linear Motion 

/vs discussed abo\e. vhc present in\eniion pro\ ides a two-dimensional grut 
design and a method for mo\ing the grid so that tlie image taken will leave no 
substantial artificial images for either focused or unfocused grids for some 
applications, hi particular, as will now be described, the present in\ ention pro\ ides 
methods \ov constructing grid designs that do not ha\e square patterns, fhe rules of 
construction for these grids are discussed below . 

I;ssentiall\ . 1 > p*-' 1 methods for eliminating grid shadows pro^lueed b\ liie 
intersection of the grid walls are based on the assumptions that: ( 1 ) there is image 
blurring during the conversion of \-ra\s to visible photons or to electi ical charge: 
and or (2) the resolution of the imaging device is low. .A general method i>f grid 
design prov ides a grid pattern tliat is periodic in hoih parallel and perpendicular (or 
substantiallv parallel and perpendicular) vhrections lor the i.ii!"ecliC)ii cm nutihiri, 1 fic 
const met it Ml rules fi)r the different grid \ ariations are discussed below . 

(irid Desiu n \' ariati(Mi I.l: . \ Set of Paral lel C md W all s 

*-'J.T-'^'11^Ll*-I mJ> 1 1* 1 ^1 lll^' 1 - ine t > t Moti on 

lig. .'^ shows a lop \ iev\ of an e\emplai"> grul lavoul that can be eniplo\ed iii a 




perpendicular or subslanlial 1> perpendieiilar to the direction of motion, and a set of 
grid walls. intersecting J. I he thicknesses of grid walls A and are c/ and /\ 
respecti\ el> . The thicknesses a and h are equal in this tlgure. but the\ are not 
required to he equal. The angle 0 is delined as the angle of the giid wall H with 
respect to the x-axis. The grid nio\ es in the x-direction as nulicated b\ 70. I\ and 
are the periodicities of the intercepting grid wall pattern in the x- and \ -directions. 
respecti\ el\ . and 7.)^ repi-esent the pitch of grid cells in the x- and > -directions, 
respcctix el\ . 

I he periodicitN of the grid pattern in the x-direction is P ^ MI) . w here .\/ is 
J a positi\e integer givater than 1. I he periodicit> of the grid pattern in the > -direction 
is /\ - /a ), where N is a positixe integer greater than or equal to L M A 

and /* - jtari . \ ut liii^ai hiulioii. ihe gi id j)auern can be generated gi\ en /) . 

{0 or D, ). {M or /\) and (A' or I\ ). Ihe paranieter range \ov the angle /V is 

0° < 16^1 < 90°. I he best values for the angle 0 are awa\ Ironi the two end limits. 0° 

5 and 90°. The grid inlcrseclions are spaced at intei-\'als of P, / M in the \ -direction. 

If . (I A/ and A' are gi\ en. the parameters /\. P . and I), can be calculated 

bdgure 3 is a plot of a section of the grid for the following chosen parameters; 
0 = 45°. M - 3 and A' = 1 , 

If the parameters D . /) . A/ and A' are chosen, the angle 0, /\ and P can be 

calculated: P^ = A//;,, P ^ M) and (J - ^alan(/* P ). figure 4 is a plot of a 

section t^f the grid lor the parameters A 2. \/ ^ nud atan(?/) / ) I 

(irid Design X'ariation 1.2: C irid Walls Ndi Perpendicular to the 1 me of Motion 

figure 5 is the top \ iew of a section ol the grid la\out where neither grid walls 
A nor B are perpendicular to the direction of linear motion. 1 he thicknesses of grid 
walls A and B are ci and A. respcctix el\ . I he thicknesses a and h are equal in this 




rclali\c to the \-a\is are (p and 0, rcspccli\cl>. C'hoosinu /) . (.1/ or \ \ oi" P ). 
and angles {0 or /;> ) and (p, then = \'.\\\{0)P . A = I) and (.\/ = /) ), 
I he eeniers of grid inierseelions are separated b\ a distanee P M \w the \ -direetion. 
I'ig. 5 sliows an example where 0 --- 15' . 0 - NO' . 1/ - 5 and \ 1 

l-ig. 6 is the top \ ie\\ of a seetion of the grid la\ c>Lit wiiere neuher grid walls .1 
or B are perpendieular to the direetion of motion, but grid wall A is perpendieular to 
grid wall /L thus a speeial ease of f ig 5. w here the grid openmgs are reeianguUu-. 1 he 
thieknesses i)f grid walls A and P are a and /\ respeetix el\ . I he thieknesses are equal 
in this figure, but again. the\ are not required to be equal. I he angles between the 
10 grid walls A and B relatixe lo the \-a\is are (p and (I respecti\el\ . B\ ehoosing J)^ . 

(M or PA. (\ or DJ. (0 or P^ ) and (f>, then P. =\\i\n(0)P , P = \D . and 
= AfD^ . I hc eeniers of grid inierseelions are separated b\ a distance P M in the 
y-direetion. 1-ig. 6 shows an example where 6^ = 10° . (p ^ -80°. M = 10 and A == 1 . 

1 - C\)mments on the Orid Motion Assoeiated w ith Cjrid Desiun 1 

lH)r ail grid la\out methods, the range of parameters lor the grid ean \ ar\ 
depending on man\ factors, such as 111m \ ersus digital detectors, the t\ pe of phosphor 
used in film, ihe U pe of application, and w hether there is direct x-ray eon\ ersion or 
indirect x-ra\- con\ersion. etc. The ultimate criteria are that the o\erexposed strip 

:: C caused b} grid intersections is close enough to each other so that the\ do not appear in 
the imaging s\'slem. 

Some general conditions can be gix en for the raiige of parameters for (irid 
Design I>pe I and associated nuition. It l^ beltci for gnd openmgN lo be iireaier liian 
ihe grid wall ihiickiiesNCs a and h. 1 or film. /' \l Nhould be smaller lluiii liie \-ra\ lo 
optical radiation con\ersion blurring effeei pro'dueed b\ ihc [Miosfilior, 1 oi diiiiuii 
imagers with direct \-ra\ con\ersion. it is preferable that pixel pitch in the \-diiveiion 
is an integer multiple of tiie spacing. P \I . Otherwise, the grid >hado\\.s will be 




Ihc distance ot' linear ira\cl. A. of ihc grid during ihe e\}x>smv should he 
man> limes the distance I\, whei-e kP > I. > { kP - d L) . I) ><> I. > a s\n(0) , 
1)^ >dL>h <.\n{()). i^l. r « 1. A»L and k is an niieger. The ratio of A 

should he small lo minimize the effect of shadows caused b\ the start and stojr I he 
distance L can be traxersed in a stead\ motion in one direction if il is not too to 
affect the ifansmission of priman radiation. Assuming that the \-ra> beam is uniform 
oxer time, the speed the grid traxerses the distance L should be constant, but the 
direction can change, hi general, the speed at which the grid moxes should be 
pi-oportional to the poxxer of the \-rax stnirce. II the distance A lo be trax eled m anx 
one directicMi at the desired speed is too long, causing reduction of primarx radiation, 
then it can be Iraxersed bx' sleadx linear motion that rexerses direction. 

II. Cirid Desiun Txpe II for Linear Motion 

The present inxcntion proxides other two-dimensional grid designs and 
methods of moving the grid such that the x-ray image xx ill ha\ e no ox erexposed strips 
at the intersection of the grid xxalls A and B. The principle is based on adding 
additional cross-sectional areas to the grid lo adjust for the increase of the primar\ 
radiation caused b> the oxerlapping of the grid xxalls. This grid design and 
construction prox ides uniform x-rax exposure. 

I xxc) illustrations of the concept are gix en beloxx . lollox\ed bx the generah/ed 
construction rules. This grid design is feasible for the SI. Id A fabrication method 
described m U. S. Patent 5.949.850 referenced aboxe. because x-rax lithographx is 
accurate lo a traction of a micron ex en lor a thick phtniMcsist. 

C n'id I )esiL:n \'ariatu)n 1 f I : S(.|uare dnd Shape 
with an .Additional Square Piece 

big. 7 shoxxs a section of a square patterned grid with uniform grid wall 
thickness a and h rotated at a 45'' anyle xx ith respect to \hc dirt-iMioti mT nint!< ^'^Teii 
square pieces m the shape of the septa intersection are added to the L^rid next lo the 



shadow for a grid nu>\ iiil: with Hncar motion 7t). In the l iii. S. /) = = and 

(} = 45^ . 1 he additiontil grid area is shown alone ui i ig. 

(irid De s ign X ' ariat i on 1 1.2; Sqitaiv C i v\^\ 
Shape with Two Additional I rian gular Pieees 

l ig. 10 shows another grid pattern, which has the same or essentialK the same 
el feet as the grid pattern in lag. 8. h\ plaeing two additional triangular pieees at 
opposite sides c^f intersecting grid walls. In this 1 ig. 10 example. /) /> - /* P 

and 0 - 45° . The additional grid area is shown alone in lag. 1 1 . 

W ith these modilled corners added to the grid, there will not he an\ ariilleial 
patterns as the grid is mo\ed in a straight line as indicated b> 70 lor a distance 1 . 
whicre kl) >L>{kl) -SI.). I) :>> (V/, > > . f>7 / . A >>i and k is an mteger 
Along the x-a\is. the grid wall thickness is \ and the periodicitx of the grid 
\s P ^ !) . The distance of linear tra\ el A should he as large as it can be while 

keeping the maxinnim transmission of priniarx radiation. The condition \ov Hnear 
grid motion in just one direction is easier for grid Design ! ype 11 to acliie\ e than grid 
Design r>pc 1 or the designs in U.S. i^atents h\ Pellegrino et al.. hecause > /) Ibr 
grid Design Yypc I. 

(ieneral C\)nstructi on M ethods for Ouadrilater a 1 
^ irid Design 1 n pc II for Linear Motio n 

1 he exact technique for eliminating the etVect of slight oxcrexposure caused 
hy the intcrseciion of the gri(.l walls with luieai' moiion is lo ;uUl adJaiioiial L^tid area ai 
each cornel'. I wo special examples arc show n in 1 igN. S anJ 1 ( > dl^cu^^cd abo\ c. aiul 
ihe general concept is Llcscribed below aixi illusU'ated in lags. ]2-l(>. I he general rule 
is that the oxerlapping grid region formed by grid walls .1 and B has to be "added 
hack" tc^ the grid intersecting region, so that the total amount of the wall material o\ 
the gi'id inlei-secled h\ a line propagating along the x-direction remains constant at an\ 




iiilLM-scctcd h\ a line propagating in a direction parallel to the \-a\is aK>ng the edge of 
a grid of the t\pc shown, lor example. \n 1-igs. S or 10. is identical to the amouni ol 
wall material of the grid intersected h\ a line propagating in a direction parallel to the 
\-a\is through an> positit^n. iov example, die center of the grid. 

I his concept can be applied to an\ grid la\out that is consirLiclcd with 
intersecting grid walls A and The widths of the intersecling giKi walls do not have 
to be the same and the intersections do not ha\e to be al ^^O"^. bin grid Hnes cannoi be 
parallel to the x-axis. The width of the parallel walls B do not lia\e to be idenlical u> 
each other, nor do the\ need to be equidistant \rom one another, but the> do ha\e to 
be periodic along the x-axis with period /\ . I he widths of the parallel lines t do iiol 
ha\e to be identical to each other, nor do the> need to be equidistant from one 
aniMher bi it th_o^ h.-ii^ e t'.^ be periodic a.!' >nii th.e \ -;ixis with. periOv! P 

The generalized construction rules are described using a single intersecting 
ccM'ner ol\\alls A and for ilkistration as shown in bigs. 12-16. The top and bottom 
corners of parallelogram C" are btuh designated as 7 and the right and Ictt corners of 
the parallelograni C as \] \ and (^2. respcct:\ el\ . Dashed lines, f. parallel 10 the \-a\iN. 
the direction of motion, are placed through points /. The points where the dashed 
lines tdnlersect the edges oi'the grid hnes are designated as (/I. (/2. (/3 and (/.4. 

f ig. 12 shows the addition to the grid in the lorm of a parallelogram /■ formcLl 
by tiiree predefined points: (/I. (/2. (^1. and cS. where (S is the Ibiirth corner. This is 
the construction method used for the grid juittern shown in b ig. 8. 

f ig. 13 shows the addition of the grid area in the shape of two triangles, b l 
and 1-2. formed b\ connecting the points (/L (/2- \\] and (z..^. (/.4. ()2. respecii\el\, 
1 his 1^ the conslmction methot.! used lo make die grul paUerti ^hown in I ig. in. 

1 here arc an unlmnlCLl \ariel\ of Nhapes thai would produce uniform exj^ONurc 
tor linear motion Samples of three odier alternali\e^ are shown in I lg^. I4-I(v 1 he> 
produce unilorm exposure because the\ satisfy the criteria that the lengths through the 
'^v\d JTi ibiC x-vlnwlUfn Um" ai'i\ value \ tiix kIi^ riln. .il 1 lieie iio m esseniKiiiv n^' 
difference in pertormance of the L'ruK it moUon iv unplemenied e*M'iwtl\ \JJ'OMn,t! 




when slcad\ linear motion is implemented, 1 17. tor examj^le. illustiaies ,iik1 
arrangement where different eomhinalions of grid eorners are implemented in one 
grid. llo\\e\ er, the ehoiee of grid eorners depends on the ease of miplementation lukI 
praetiealitx . Also, sinee it is desirable tor the transmission of primar\ radiation to be 
as large as possible, the grid walls oeeup> onl\ a snuill pereentage of the eross- 
seetional area. 

( jen er al C\ >nstrue tion Methods for ( i rid 1 )e sign 1 \ pe 1 1 t or 1 .i nea r Ci r i d Mot i o 1 1 

h should be tlrst ncUed that this eoneept does not limit grid openings to 
quadrilaterals. Rather, the grid opening shapes e^^uld be a wide ran.ge ot' sliapes. as 
long as the\ are periodie in both \ and \ direelions. 1 he grid wall mtereepi^ do not 
ha\e to be defined h\ tour straight line segments. .Artifieial non-unitorm shadow will 
ViOi be iiVtrO'duced as U^rig as tbie lerigtbi ol {\\c \\\'ic> tiniJitgh ilic giid m die \-(.iiieeLion 
are idenlieal through an\ \ eoordinate. \n addition to adding the eorner pieees. the 
width of some seelions of the grid walls would ha\e to be adjusted for generalized 
grid openings. 

IIowe\er. not e\ery grid shape that is eomhined with stead\ linear motion 
produees uniform exposure without artifieial images. The desirable grid patterns that 
prodtiee unift^rm exposure ha\e to satisf\ . at a minimum, the following ei'iteria: 

• The grid pattern has tt^ be periodie in the (.iireetion of motion with 
periodieitx I\ . 

• No segment ol'the grid wall is primariK along the direetion ol the grid 
motion. 

• 1 he grid WLills bloek the \-fa\ e\e!"\where lor the same li"aenon of ilic 
time pel" spatial peiKnl P at an\ position peipeiKlieular to the Lhieeiioii ol 
motion. 

• The grid walls do not ha\e to ha\e the same tbiekness. 

• fhe iind patterns aie not limited to LUiadnlaterals. 




• These grid patterns ha\ e to he eoupied w ith a steacl\ linear motion sneh 
that the distanee ot tlie grid motion. A. satisfies the eondilion deserihed m 
Seetions Chnd Design 1 \ pe 1 and J \ pe II lor Linear Motion. 

• II tlie walls are not eontinuons at the interseetu)n or not identieal m 
thiekness through the interseetion. the eonstriietion rule that must he 
maintained is that the length of the hne through the grid in the x-direetion 
is identieal through an> \ -eoordinale. Hexagons w ith modified eorners are 
examples in this ealegor\ . 

Implementation of the Cirid Desiun ^l\ pe II ibr Linear Cirid Motion 

The additional grid area at the grid wall interseetions ean he implemented in a 
number of wa>s for ibeused or unlbeused grids to obtain uniform exposure. 1 he 
discussion V\ (l! u^(j i igs. 8 and 10 as examples. 

1. fhe grid patterns with the additi onal urid area, such as hms. 8. 10. 17. and so on. 
ma> ha\e approximateh the same cross-sectional pattern along the /-axis. 

2. Since the additional pieces of the grid are for the adjustment of the primar> 
radiation, these additional grid areas in iMgs. 8. 10. 17. and so on. onl\ ha\ e to be 
high enough to block the primar\ radiation. Lhis allows new alternatixes in 
implementation. 

• A portion of the grid la>er need tt> ha\e the additional grid area, while 
the rest of the grid kiN cr do not. f or example, a la> er ol' the grid is made w ith 

1-ig. 7. 

• fhe portion (W'the grid with the shapes slnn\n in hi lis. S. 1 o. 1 and 
on. can be released from the substrate lor assembl) ov attached to a low atomic 
weight substrate. 

• fhe portion of the grid w ith the pattei n shown in 1 igs. S. 10. 1":^, aixl 




example, these Ia\ers ean be made of higher aitimie weight materials, while 
the rest of the grid ean be made from fast eleetroplating material siieh as 
niekei. The high atomie weight material allows these parts to be thinner than 
it niekei were used, f or gold, the height of the grid ean be 20 to 50 um for 
mammographie applieations. 1 he height of the additional grid areas depends 
on the x-ra> energ>. the grid material, the appliealion and the toleranees \ov 
the transmission of primarx radiation, 

• 1 he photoresist ean be left in the grid openings to }^ro\ ide strLieiure 
support, w ith little adx erse impaet on the transmission of primar\ radiation. 

ihe additional grid areas shown in lags. 9. 11. and so on. ean be labrieated 
separately' from the rest ol^the grid. 

• 1 hese areas ean be fabrieated on a low atomie weight stibstrate and 
remain attaehed to the substrate. 

• These areas ean be fabrieated along with the assembl\ pt^sts. whieh aiv 
exemplified in lags. 16a and 16b of l \S. Patent Number 5/)49.85t). refereneed 
abo\ e. 

• Patterns shown in f igs. 9. 1 1. and so on. ean be made of a material 
dilTerent from the rest of the grid, f or exan^ple. these la\ers ean be made 
from materials with higher atomie weight, while the rest of the grid ean be 
made of niekei. The high atomie weight material allows these parts to be 
thinner than if niekei were used, for gold, the height of the grid ean be 20 to 
100 jam for mammographie applieations. I he height of the additional grid 
areas depends on the x-ra\ energ\. the grid matei-ial. the apj^liealion and ihe 
toleranees [or the transmission of pi-imar\ radiation, 

» Ihe photoresist can be left on foi- low aloniie weiLihl NLih>li-a[c !o 

proxide struettire support with little aLherse impact on the liansmisMon o\ 
primal} radiation. 



drid l^ira mc tcrs an d Dc siizn 

I xamplcs of ihc parameter ranyc lor iiiainniOLira|Mn applieaiioii and 
definitions are gi\en below. Cirid Piteh is /* . Aspeet Ratio is the ratio between the 
height of the absorbing grid wall and the thickness of the absorbing grid wall, (n id 
Ratit) is the ratio between the height of the absorbing wall including all la\ ers and the 
distance between the absorbing walls. 
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Kan^e Best case 

(irid Type I \ pc 1 or II lypc II I Id. ]() 

(irid ()penin<^ Shape Quadrikiicral Sqiiaiv 

Thickness of Abs(»rbin^ W all 10 ^im 200 uni ^ 20-3o uni 
on the top phine of the ^rid 

Grid Pitch for Type I , I {)()() ^u^^ 5()()() |.im 

(;rid Pitch for Type II : 1 ()() |.im 2000 |.ini i ^ 300- 1 000 ^mi 

Aspect Ratio for a Layer 1 - ]()() I S 

i INumbcr of Layers 2 - 100 2 7 

I C;rid Ratio ^3 10 5 8 



lk)\vc\er. it should be noted that dilTerent parameter ranges are used tor 
different applieations. and for dilTerent radiation w a\ elenuths. 

Ill, (jrid Joint Desi^n 

Designs of grid joints were deseribed in U.S. Patent Number 5.949.850. 
relereneed. big. 18 shows a grid to be assembled from two seetions. using the pattern 
of I'ig. 7 as an example. I he eurxed eorner interloeks in the shape of 1 10 and 1 1 1 
shown in VKj. 18 are found to be more desirable sti-uelurall\ than other grid joints, 
fhe details of the eorner ean \ ar\ depending on the implementation ol'the additional 
grid strueture with motion. Straight line boundaries are also aeeeptable as lonL! as 
the\ retain their relatixe alignments. 

L\ ' . Cj^r i d 1 abr ieal icui 

I nfoeused grids of an\ design ean be easil\ fabrieated wnh one mask and a 
sheet \-ra\ beam. 




W hen grid si/e is loo large lo be made in one pieee. seetions of grid parts ean 
he made and assembled trom a eolleelion of grid pieees. Cirids with high grid ratios 
ean be obtained b\ staeking il^tlie> eannot be made the desired tliiekness in one la\ er. 

1-oeused grids of an\ pattern ean be fabrieated b\ the metliod deseribed in I .S. 
Patent Number 5>M9.85{). relereneed aho\e. 1-or foeused grids lor point sonree. 
methods lor expt)sing the photoresist using a sheet ot parallel \-ra\ beams aie 
deseribed below . 

(irid l)esi^n W pc I lov Linear Motion and Single Pieee 

If the pattern of the grid in the \-\ plane ean be made in one piece (not 
including the botxler and other assembl> parts), the easiest method is to expose the 
photoresist tw ice w ith two masks. I he pattern of Pig. 4 is used as an example to 
assist in the explanation beiow . i his method can be applied lo an\' grid patterns w ith 
quadrilateral shapes formed b\* two intersecting sets of parallel lines. 

1. I'or exemplar) purposes, the case where the central ra\ is located at the centei- 
of the grid- as shown in f ig. 19. which is marked b\ a \ irtual " sign lOO. 
will be considered. 'Iwo imaginarx reference Hues 101 aie drawn running 
through the sign, parallel to grid walls A and B. 

2. \ hc grid pattern is to be produced b\ two separate masks, fhe desired patterns 
lor the two masks are shown in f ig. 2()a and 2()b. 

3. fhe photoresist exposuiv procedure b> the sheet x-ra\ beam is shtn\n in figs. 
21a and 21b. f or the first exposure, an x-ra\ mask 730. with pattern show n in 
Pig. 20a or 20b. is placed on lop ol tfic photoresist 710 and properK aligned, 
as lollows. In Pig. 21a. the sheet \-ra> beam 700 is oi-jenied m the Name plane 
as the papei". and the relei'ence lines lol m figs. 20;i oi" 20b of the \-i-a\ masks 
730 are parallel to the sheet x-ra\ beam 700. In fig. 21b. the sheet x-ra\ beam 
700 is oriented perpendicular to the plane of the paper, as are the reference 
lines of x-ra\ mask 730. The x-!-a\ mask 7^0. photoresist "lo. and sub^lraie 




ihc line 740 lluil ct>iiiiccls the \ irliuil " ■ mlim I'M) w wU the xirtual pomi 
source 62 is perpendicular to the pholi^resist 710. 1 he angle (/ is 0^ when the 
reference line 101 is in the plane ot" the \-ra\ source 700. To obtain the 
focusing eiVecl in the photoresist 710 h\ the sheet \-ra\ beam 700. the 
assembh 750 rotates around the \irtual ponit \-ra> source 02 m a cnculai' aic 
760. I bis method will produce focused grids with opening that are focused to 
a \ irtual point aho\ e the substrate. 

There are situations that one would like to prcxluce a la\er of the grid 
w ith that are foctrsed to a \ irtual point below the substrate as shown in 1 ig. 
21c- In big. 21c. the sheet \-ra\ beani 70{) is oriented peri^ciidicular to- tlie 
plane of the paper, as are the reierence lines of \-ra\ mask 730. 1 he assemble 
750 is positioned in such a wa\ that the line 740 that connects the \ ii tual • 
sign 100 withi llnj \iiUuil poiiu \-ra\ source o2 is perj^endicular to ihc 
phcUoresist 710. I he angle (/ is i)"" when the reference line 101 is in the plane 
of the x-ra\ source 700. To obtain the tbcusing eftect in the photoresist 710 b\ 
the sheet x-ra\ beam 700. the assembK 750 rotates around the \ irtual point \- 
ra\ source 62 in a circular arc 770. 

4. f or the second exposure, the second x-ra\ mask is properK aligned w ith the 
photoresist 710 and the substrate 720. 1 he exposure method is the same as in 
l- IOS. 21a and 21b or 21c. 

5. fo facilitate assembly, a border is desirable. fhe border can be part of 1 igs. 
20a or 20b: ov it can use a third mask. I hc grid border mask sluuild be 
aligned with the photoresist 710 and its expt^sure consists of mo\ mg the 
assembh 750 such that the sheet \-ra\ beam ^00 always i-emanis 
perpendicular to the photoresist 710. as shown in 1 ig, 22. 1 he assembK "^"^o 
mo\ cs aUuig a direction 7S0. 

6. 1 he rest of the fabrication steps are the same as in described in I .S. Patent No. 
5.040.S50. referenced abo\e. 
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(jr id Dcsimi I xpe I lov Linear Motion and Multiple PicLVS Joim^ l\)Liethe r per I .a\ er 

II' two or more pieces of the Lirid are required to make a lar^e grid, the grid 
exposure hecomes more complicated, in that case, at least three masks will he 
required to ohtain precise alignment of grid pieces. 

I he desired exposure of the photoresist is shown in h'ig. 23. using pattern I 15 
shown on the right-hand-side t>f l ig. 1 S as an example. The etrect of the exposure on 
the photoresist outside the dashed lines 202 is not shown. The desirahle exposure 
patterns are the black lines 120 lor one surface i)f the photoresist, and are the dotted 
lines 130 for the other surface. The location of the central x-ra\ is marked h\ the 
virtual '^r^ sign at 200. The shape of the left border is preserx ed and all locations of 
the grid wall are exposed. 

. v.i..v,v.^ii Lti*. jM c.^ *.u.>v. Lt^.>k^Li aiKf\L- wuu legaiLi LO i igs. _ia anu ^ \V) are 
generally sufficient to obtain the correct exposure near the grid joint using two masks, 
one for wall A and one for wall B. incorrect exposure max occur from time to time. 
This problem is illustrated in f ig. 24. The masks are made so as to obtain correct 
photoresist exposure at the surface of the photoresist next to the mask. I he dotted 
lines 130 denote the pattern of the exposure on the tnher surface t)f the photoresist. 
Some portions of the photoresist will not be exposed 140, but other portions that are 
exposed 141 should not be. The effect of the exposure on the photoresist outside the 
dashed lines 202 is not shown. 

At least three x-ra> masks are required to alle\ iate this problem and obtain the 
correct exposure, luich edge joint boundarx needs a mask ol^ its own. fhese are 

shown in Im^S \ \,^ ^hM\v ^ -i t^prfipn ,0'tlv ...--1 I."-.- /■' - ).".^. 

which do not extend all the wa\ to the grid loint bouiidarx on the left 1 ili. 2'^b ^ll<u^x 
a portion (4' the grid lines .1 as nems ](>(). which do noi extend all the \\a\ ii^ the lm iJ 
joint boLindaiA on the left. l ig. 25c shows the mask for the grid joint boundarx on the 
left. I he x irtual " * " 200 shoxxs the location of the central rax 63 in 1 igs, 25a-25c. 
i lie distances h'om the joint border to be cox ered bx each mask depend on the end 




I he exposures ot" the j^liotoresisl 710 h\ all three masks ^hown in 1 KiS 25a- 
25e tolUn\ ilie method deseribed abo\ e with regard to l igs. 21a and 21b or l ius. 21a 
and 21e. The three masks ha\e to be exposed sequential!) after aligning eaeh mask 
with the photoresist. 

If this pattern is next to the border of the grid as shown in I ig. 26. then the grul 
boundar> ISO ean be pari of the mask t^fthe grid \o\n\ boundar> on the left, as shown 
in i'ig. 27. At a minimum, the grid border 180 eonsists of a wide grid border lor 
struelural support. ma\ also inelude patterned outside edge for paekaging. interloeks 
and peg holes for assemhl\ and staeking. 1 he proeedure would be lo expose the 
photoresist 710 h\ masks shown in I'igs 25a and 25b following the method deseribed 
in f igs. 2 1 a and 2 1 b or bigs. 21a and 2 le. i he exposure of the joint btumdaiA seetion 
170 in big. 27 follows the method deseribed in bigs. 21a and 21b or l igs. 21a and 21e 
while tb.e exposure Om' the grid bv>rder ^ectieMi 1 8v) in rig. 27 iorio\\s liie meiiiod 
deseribed in big. 22. 

( h'id Design 1 \ pe II b\)r Linear Motion 

I'he exposure of the photoresist for a "tall" t> pe 11 grid pattern design for linear 
grid motion, sueh as those grid patterns illustrated in bigs. 8. 10, 1 7. and so on. ean be 
implemented based on the methods deseribed in ['. S. Patent Number 5/M*^).S5(). 
refereneed aho\e. 1 he grid is eonsidered "tall" when 

// sin(U) V» ^ - 

w here // is the height of a single la\er of the grid. ^I^,,, ,, is the maximtim angle lor a 

grid as shown in bigs. 2 and 3. and \ is related to the thiekness ot^ the gi'id wall as 
shown m l igs. 7. 8. 10 and 17. "High" grids are no{ eas\ to expt>se using long Nheei 
x-ra\ beams when the same grid pattern is implement from top to btitiom on the grid. 

As deseribed in an earlier seetioii. the grid shape nHow n ui 1 igN. S. to. 1'^. and 
so on. need onl\ be just high enough to bloek the primar\ radiation withotit eausmg 
undesirable exposure. I sing the grid pattern shown in I ig. 10 as an example, three \- 
ra\ masks. I igs. 28a. 2Sb and 28e ean be use^l iov the exposure. AdLluional \-ra\ 




for the joints and borders would he tiic same as tor that deserihtnLi 1 i^. 2"^. I he \ iriual 
210 sliows the kK'ation of the eential ra\ (^^ m I ilis. 2Sa- 2Sh and 2Se I he 
daslied lines 21 1 denote the reierenee line tised in the exposure of the photoresist h\ 
sheet \-ra> beam as deseribed in I i^s. 21a and 21b or lags. 21a an*.! 21e. 1 he three 
niasks ha\e to be exposed sequentialK after ahgniiiLi eaeh mask with the phoioreMst. 

V. P aekaging 

I he grids ha\ e \o be assembled, and sealed tor prcUeetion and made rigid for 
sturdiness. as wilt now be deseribed. 

1. AssembK : A la\ er of the grid ean be made in one pieee or assemblei.1 together 
using a number of pieees and staeking the kiyeis using pegs, as deseribed m 
I '.S. Patent Nairiber ^.'/^'/.or-O. ler^.-llce^.l above. 

2. Sturdiness: fhe grid ean be made rigid when two or more la\ers beet)me 
ph\sieall\ attaehed after slaeking t(^ make a higher grid. A few of these 
methods are deseribed below . 

• The grid and pegs ean be soldered together along the outer border. 

• A la> er of the grid, made of lead tin. ean be plaeed next to a la> er of the 
grid made of a different nuiterial sueh as niekek Wheti heated, these two 
laxers will be attaehed. I his proeess ean be repeated until the desire*.! 
height is reaehed for the grid. 

• A la>er of the grid does not ha\ e to be eleetroplated using just one t\pe of 
material, koi' example, eitfier the iop or i^ollom suilaee. or bolh NUiMaees. 
tifa [^redommanlb meke! gi'ul ki\ ei' ean be eleeti'tipkiled with lead tm nexl 
to the niekel betore it is j^oHshed to the desii-able height \\ hen Ia\er^ ^1 
grids made b> this approaeh are staeked together and heated, the \arious 
la\ers beeome ph\sieall\ eonneeted. This method dcK^s not eoat the whole 
urid w ith solder. 



• Man> parts of an assembled and slacked niekcl grid w ill be fused logelher 
when the grid is brought up near the annealing temperature. 

3. I ranied L construction; hrstead ofusuig pegs and fixed posts, a linck aiKl \\ ule 
frame can be sued for assemhl) and packaging, i ig. 2^^ is a side \ iew of the 
grid show ing frame 400. Hie bottom la\ er 40 ] of the grid has extra maiei ial ai 
corners c^f the intersections of its walls h6 shown, for example, in lags. S. 10 
and 17. to pro\ ide uniform exposure during grid motion, and the other grid 
la\ ers 402 do ikH ha\ e extra material at the corners of their \v.tH-^44itcM*sections. 

1 he trame 400 can be made b\ the SLKiA process as knv>wn in the art. 
iMg. 30 illustrates a top \ lew of an exemplar} trame 400. The shape of the 
frame wall can be an\' design appropriate ibr interlocking, and the material oi" 
wlilch the irame is made can be an\ suitable material, as long as U is not 
excessi\'el\ soft. Also, the frame 400 can be made by joining two or more 
pieces together. 

I he grid is asscn^bled b\ fitting grid la\ers 401 and 402 into the fi-ame. 
If grid la\ er 401 is attached to the substrate but the phcUoresist is remo\ ed. the 
frame 400 can be fitted o\ cr grid la\er 401. and the grid la\ers 402 can then be 
fit into the frame. Since the frame 400 pro\ ides structural support and 
alignment of the openings in the grid la\ers 400 and 401. the joints of the grid 
pieces as shown in fig. 31 can be relaxed to straight borders 1 10 and 111. and 
do not need to be rounded as shown in f ig. 1 8. for example. 

4. Sealing: l o protect tlie assembL\i gn^l. tlie grul lias to be co\eiL\l and Ncaied 
using low atomic number materials. 1 heie area wide xaiieix o f coniinerc lal t\ 
a\ailable choices tor sealing matei'ial. 

.Although onl\ a few exemplar) embodiments of this imention ha\e been 
described m detail abo\e, those skilled in the ai't will readiK appreciate that nKin> 



from ihc novel teachings and ad\ anlagcs of this nn cniion. Accordnigl) , all such 
nioditicalions arc intended to he included w ithin the scope of this in\ ention as dellned 
in the ri>llo\\ine ckiims. 



